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SUPERCRITICAL FLUID EXTRACTION 
OF VTTREORETINAL SIUCONE TAMPONADES 



Priority is hereby claimed in the present nonprovisional application to 
Provisional Application Serial Number 60/366,S96 fited March 21, 2002, in 
accordance with 37 CFR 1J8(aX4). 

Field of the Inventjon: 

The present invention relates to a novel, highly effective method to 
purify vltreofluid silicone oils or fluids using supercritical fluid 6>ciractk>n. 
More particulariy, the present Invenfion relates to a method Ibr purif^ng 
vitreofluld silicone oils or fluids that is contaminant-free and, in most cases, - 
does not require the disposal of organic solvents. 

Background of the Invention; 

Ocular tamponades are vitreous substitutes that are used to 
reposition the retina of an eye in instances where a reattachment is not 
achievable by natural healing or by laser coagulation. The purpose of a 
vitreous substitute is to provide long-temi tamponade of the retina, Le., 
exhibit an ideal pressure (Ibrce/area) to position and maintain the retina in 
place. Current commercially used tamponades include perfluorocart^otH 
liquids, balanced salt solutions, silcone oil orfluid and gases, such as air, 
sulfur has^fluoride (SFo) and perHuorocari^ons (PFCs). Silicone oil orfluid is 
the preferred tamponade in cases of severe retina detachment, where the 
tamponade is used sbc months or longer. 
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Silicone oil or fluid Is prepared by a ring-opening polymerization of 
strained cyclic silicones. The final product consists of relatively high 
molecular weight sflicone fluid and unreacted relatively low molecular weight 
cyclic siloxanes and oligomer. The unreacted relatively low molecular 
weight cyclics and oligomers are cytotoxic and have been implicated in an 
undesirable emulsification phenomenon that sometimes occurs in silicons- 
based fluids. Accordingly, the unreacted relatively low molecular weight 
colics and oligomers must be removed firom the silicone fluid product to be 
useful as an ocular tamponade. The prefemad cunrent method of purifying 
relatively high molecular weight silicone oil, or silicone fluid, involves the use 
of a lengthy solvent extraction process whereby the sSicone fluid Is slowly 
added to a non-solvent, such as acetone, and allowed to separate. The 
unreacted low molecular weight cyclics and oligomere are soluble in the non- 
solvent or acetone phase. The unreacted low molecular weight cydics and 
oligomere are thus removed with the non-solvent or acetone phase upon 
separation thereof from the high molecular weight silicon© fluid. Once 
separated, the non-solvent phase with the low molecular weight cycJics and 
oligomere becomes an undesirable waste product of the purHication method 
and requires disposal. Lil^wise, following purification, controls are 
necessary to ensure the final silicone oil or fluid product is free of non- 
solvent contamination. 
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Because of the noted shortcomings of the current, preferred method 
of silicone fluid purification to remove cytotoxic impurities therefrom, there is 
a need for a purification method that is effective, less time consuming, 
eliminates the potential for non-solvent residual contamination and lessens 
or eliminates non*«olvent waste production. 

Summary of the Invention: 

The present invention is an economical, highly effective pODcess for 
the puffflcatlon of relatively high molecular weight vltreofluld silicone oils or 
fluids using caibon diojdde supercritical fluid (SCF) extraction, A fluid with its 
temperature and pressure simultaneously higher than its critical temperature 
and pressure is In the supercritical state. The most ubiquitous SCF. carbon 
dio)dde, Is a gas at ambient conditions. In a supercritlcai state, It is 
essentially a compressed, high density fluid. Cariaon dioxide is relatively 
innocuous, economical, and non-rsaclive under most operating conditions. 
The density, soh/ent power or selectivity of a SCF is easDy altered with 
relatively srrall changes in pressure or by addition of small amounts of an 
organic solvent The change in carlx)n dioxide density with pressure at 35 
degrees Celsius does not increase llneariy with increasing pressure. Small 
changes in pressure produce large changes in density when operating close 
to the critical point For example, at 83 bar the compressibility of cartoon 
dioxide is high. At 700 bar, the compressibility of carbon dioxide is low. The 

3 



PA(232fi4^RCVDAT6/3O005 3:25:53 PMfastimDayOg^ 



Jun-03-05 02 : SSpm F r ora-V I STAKON + T-555 P . 033/054 F-255 

WO 03/080713 PCrAJS03/08902 

advantages of using carbon dioxide SCF for purification of vitreofiluid silicone 
oils or fluids is that it is economical, reprDducible, contaminant-free and in 
most cases does not require the disposal of non-solvent waste. Carton 
dioxide SCF extraction h accordance with the present invention has 
eolvating powers comparat>le to those of the non^lvenfa cunnently used in 
the purfficaton of relatively high molecular weight silicone oil or fluid. 

Accordingly, It is an object of the present Invention to provide a 
process for the purification of relatively high molecular weight silicone fluid. 

Another object of the present invention is to provide a process for the 
purification of relatively high molecular weight silicone fluid that is 
economical. 

Another object of the present Invention is to pnwide a process for the 
purification of relatively high mdecular weight silicone fluid that is 
reproduribie. 

Another object of the present invention is to provide a process for the 
purification of relatively high molecular weight silicone fluid that is 
conlamlnant-ftee. 

Another object of the preserrt Invention Is 1o provide a process for the 
purification of relatively high molecular weight silicone fluid for use as an 
ocular tamponade. 

Stni anotiier object of the present Invention is to provide a process for 
ttie purification of a relatively high molecular weight silicone fluki that lessens 
or eliminatBS the need for norvsolvent waste disposal. 
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A ftirther object of the present invention is to eliminate low molecular 
weight silicone oligomers and cyclics firom relatively high molecular weight 
silicone fluid in order to lessen or eliminate emulsification of the relatively 
high molecular weight silicone fluid in ocular tamponade uses, 

The&e and other objectives and advantages of the present invention, 
some of which are specifically described and others that are not, wBI become 
apparent from the detailed descnpUon and claims that follow. 

Detailed Description of the Invention; 

The present invention relates to a novel process for the purification of 
relativety high molecular weight silicone 09 or fluid for use as an ocular 
tamponade- The purtflcallon process of the present invention is a novel, 
economical, highly efliecHve, reproducible, contaminant-lree process for 
removing relatively low molecular weight cydics and oligomers from 
relatively high molecular weight sQicone oil or fluids The subject process 
utilizes supercritical carbon dlo3dde (scCOz) fluid e;drdction to purify silicone 
fluid for use as an ocular tamponade. The supercritical carbon dioxide fluid 
has solvatlng powere comparable to those of organic solvents. LikevMse, the 
solvating power of the supercritical carbon dioxide fluid is adjustable through 
variafions in pressure and temperature, or by adding modifiers to form a 
mbdure as discussed In more detail below. Examples of suitable modifier& 
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Include but are not Kmitsd to methanol, isopropanol, acetonitrile and 
acetone. 

Using the process of the present invention, a 5,000 cps silicone oil 
tamponade was purified using supercritical carbon dioxide fluid extractton. 
The conditions of the supercritical caiton dioxide fluid retraction consisted of 
carbon dioxide at a pressure of approximately 3,000 pounds per square Inch 
(psi). a temperature of approximately 55 degrees Celsius and a flow rate of 
approximately 52 gm per minute. Using said conditions, the relatively low 
molecular weight cydics and oligomers were removed from the silicone fluid 
to a level below size exclusion chromatography (SEC) detection limits. 
More particulariy, SEC showed the removal of relatively low molecular 
weight cydics and oligomers with no change in the silicone fluid pealc height 
SimSar results were obtained by extracting with supercritical carbon dioxide 
fluid containing 10 percent acetone. 

The silicone oil tamponade purification process of the present 
invention is described in still greater detail in the examples fliat follow. 
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Example 1. Extraction of Silicone OH with Supercritical Carbon 
Dioxide Fluid: 

Polydimethylsiloxane (21.01 gm) sample was loaded info a 0.7 inch 
tube. The loaded tube was then placed in a 3.0 inch cup. The 3.0 inch cup 
with the sample was placed into an extraction vessel and a lid with a % inch 
pipe attachment was placed on the extraction vessel. The lid was placed 
such that the % inch pipe attachment was inside the 0 J Inch tube. The 
extraction vessel was ttien pressurized to 140 bar with carixin dioxide using 
bottom to top flow. The extraction vessel temperature was appn^ximately 55 
degrees Celsius in an oil bath of approximately 102 degrees Celsius. A flow 
of 26 gm per minute cartion dioxide was begun in the extraction vessel from 
the top to the bottom. fiSber one hour and 37 minutes, an increased flow rate 
of 52 gm per minute carbon di05dde was begun* After one hour and fifty- 
three minutes, the extraction vessel pressure was increased to 207 bar. 
After a total of four hours, the flow of carbon dioxide was discontinued and 
the extraction vessel was depressurized. 



Initial weights: 



Extraction vessel ^ 

Gup = 

Lid and pipe " 

Tube = 

Sample = 



231.46gm 
217,73 gm 
339.64 gm 
60.96 gm 
21.01 gm 
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Table 1 * SCF Extraction Process Conditions Summary f or Example 1: 
Initial Conditions: 



COzrate: 



Vessel pressure: 
Vessel temperature: 



approximately 55 gm/minute 
driven by cylinder pressure 
up to 55-60 bars 
140 bars 

55 degrees Celsius 



Oil bath temperature: 1 02 degrees Celsius 



Process Conditions: 

CO2 rate: 
Vessel pressure: 
Flow time: 



approximately 26 gm/minute 
140 bars 
90 minutes 



CO2 rate: 
Vessel pressure: 
Flow time: 



approximately 52 ^m/minute 
140 bars 
16 minutes 



COarate: 
Vessel pressure: 
Flow time: 



appraximat^y 52 gm/minute 
207 bars 
67 minutes 
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Example 2, Extraction of Silicone Oil with Supercritical Carbon 
Dfoadde Fluid and Acetone: 

Polydlmethylsiloxane (21 ,01 gm) sample was loaded into a 0.7 inch 

tube. The loaded tube was then placed In a 3.0 inch cup. The 3,0 inch cup 

with the sample was then placed in an extraction vessel and a lid with a % 

Inch pipe attachment was placed on the extraction vessel The Ird was 

placed such that the % inch pipe attachment was inside the 0.7 inch tube. 

The extraction vessel was then pressurized to 140 bar with cariaon dbxide 

using bottom to top flow. The extraction vessel temperature was 

approximately 55 degrees Celsius in an oil baOi of approximately 102 

degrees Celsius. A flow of 6 gm per minute acetone and 20 gm per minute 

carbon dioxide was begun in the extraction vessel ftom the top to the 

bottom. After one and a half hours, 404,5 gm of acetone had been used. 

The flow of acetone was then discontinued wMe the flow of carbon dioxide 

was continued for an additional two and a half hours. The flow of carbon 

dioxide was lilcewise then discontinued and the extraction vessel was 

depressurized. 
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Tabte 2 ■ SCF Exiraction Process Conditions Summary for Example 2: 
Initial Condifions: 



CO2 rate: 



Vessel pressure: 
Vessel temperature: 
Oil bath temperature: 



approximately 55 gm/minute 
driven by cylinder pressure 
up to 55-60 bars 
140 bars 

55 degrees Celsius 
102 degrees Celsius 



Process Conditions: 

COz rate: 
Acetone rate: 
Pumping time: 
Vessel pressure: 



approximately 20 gm/mtnute 
6 gm/m!nute 
90 minutes 
140 bars 



Drying Conditions: 



COzrate: 
Acetone rate: 
Flow time: 



approximately 20 gm/minuie 
0 gm/minute 
150 minutes 
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CHART 1 

ComparativQ Results for Silicone Oil 
Extracted by Various Processes 



Sample 

Silicone oil 
unextracted 



Viscosity at 21''C Surface tension, 
CPS (mPa-8> dynes/cm (mN/m) 



5,700 



24,2 



interfaciai tension, 
dynes/cm (mN/m) 

Could not be 
measured 



Acetone extracted 6,800 
silicone oil 



25.4 



Difficult to measure 
due to closeness of 
oil/water phase 
densities 



80-C02^ 

acetone 

extracted silicone 
oil 



6,890 



25,4 



30 with distinct 
phases 



SC-CO2 
extracted 
silicone oil 



8,000 



25.4 



32 with distinct 
phases 
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Silicone oil or fluid ocular tamponades purified using the purification 
process of the pr^ent invention are used as customary in the field of 
ophthalmology. For example, in a surgical vltreoretina! procedure, the 
silicone oil or fluid ocular tamponade purified in accordance with the process 
of the present invention is placed and maintained in the posterior segment of 
the eye for the desired period of time prior to the removal thereof. 

While there Is shown and described herein a process for the 
purification of silicone oil or fluid for use as an ocular tamponade using 
supercritical cartoon dioxide fluid or a supercritical cartjon dioxide mixture 
fluid, it will be manifest to those skilled In the art that various modifications 
may be made without departing from the spirit and scope of the undertying 
inventive concept and that the same is not limited to particular processes 
herein described except insofar as Indicated by the scope of the appended 
dalms. 
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We claim: 

1 . A process tor the purification of silicone chI or fluid for use as an ocular 
tamponade comprising; 

perfbmilng a supercritical carton dioxide extraction of said 
silicone oil or fluid to remove cydic and oligomerjc impurities. 

2. A process Ibr the purificalion of silicone oil or fluid for use as an ocular 
tamponade comprising: . 

performing a supercritical carbon dioxide mfadure extraction of 
said siGcone oil or fluid to remove cyclic and digomeric 
impurities. 

3. The piT5cess of daim 1 wherein said extraction is conducted at a 
pressure of approximately 3000 psi, a temperature of appn>ximately 
55 degrees Celsius and a cart)on dioxide flow rate of approximately 
52 gm/minute, 
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4. The process of claim 2 wherein said extraction is conducted at a 
pressure of approximately 3000 psi, a temperature of approximately 
55 degrees Celsius and a carbon dioxide mbcture flow rate of 
approximately 52 gm/mlnute. 

5. The pnxess of claim 1 wherein said extraction is conducted at a 
carbon dioxide flow rate of approximately 20 to 26 gm/minute and a 
flow time of appro3dmately 90 minutes. 

6. The process of daim 2 wherein said extraction is oonducted at a 
carbon dioxide mixture flow rate of approximately 20 lo 26 gm/minute 
and a flow time of approximately 90 minutes. 

7. The process of daim 2 wherein said carbon dioxide mixture 
comprises approximately 90 percent carbon dioxide and 
approximately 10 percent acetone. 

8» The process of daim 2 wherein said caibon dioxide mixture 
comprises cartx^n dioxide and a modifier. 
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9. The process of datm 2 wherein said carbon dioxide mbdure 
comprises carbon dioxide and acetone or aoetonitrile. 

1 0. The process of daim 2 wherein said caibon dioxide mixture 
comprises carbon dioxide and methanol. 

1 1 . The process of daim 2 wherein said carbon dioxide mixture 
comprises carbon dioxide and isopropanol. 

12. The process of claim 2 wherein said carix>n dioxide mixture 
comprises approximately 90 percent carbon dioxide and 
approximately 10 percent methanol. 

13. The process of daim 2 wherein %id cartoon dfoxlde mixture 
comprises approximately 90 percent cari3on dioxide and 
approximately 10 percent isopropanol. 
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1 4. A snixone oil or fluid ophthalmic tamponade produced using the 
process of claim 1 or 2. 

1 5. A method of using the silicone oil or fluid ophthalmic tamponade of 
claim 14 in an ophttialmic surgical procedure comprising: 

creating an incision into a posterior chamber of an eye; 
positioning damaged retinal tissue within the eye; and 
filling said posterior chamber of the eye with said silicone oil. 

16. A method of using the silicone oS ophthalmic tamponade of daim 14 
in an ophthalmic surgical procedure comprising: 

creating an indsion into a posterior chamber of an eye; and 
filling said posterior chamber of the eye with said silicone oil or 

fluid. 
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